In 20 healthy normal Caucasian subjects the serum calcium concentration was measured at three-monthly intervals over two and a half years. There was no evidence of any seasonal variation in serum calcium concentration as a result of variation in endogenous cholecalciferol synthesis.
The accurate estimation of total serum calcium concentration is of prime importance in the diagnosis of disorders of calcium homeostasis. The biologically active metabolites of cholecalciferol (vitamin D3) play an integrated role in the overall endocrine control of calcium homeostasis, and the dominant role in the absorption of calcium from the intestinal tract (Wills, 1973) . Cholecalciferol is formed in the skin from 7-dehydrocholesterol by ultra-violet irradiation (Hoffman 1970) . In Britain there is a considerable seasonal variation in the amount of bright sunshine and an even more marked variation in the biologically effective ultra-violet component. These variations are associated with marked seasonal changes in the rate of endogenous cholecalciferol synthesis (Stamp and Round, 1974; McLaughlin, et al., 1974) , which could potentially be reflected as changes in serum calcium concentration. Previous studies of seasonal variations in serum calcium concentration have involved either a very small number of individuals or random samples collected from large population groups throughout the year (Josephson and Dahlberg, 1952; Frank and Carr, 1957; Iwanani et al., 1959; Aitken and Lindsay, 1972) . In all of these studies variations were reported but the results were conflicting. The present study was undertaken to investigate the magnitude, if any, of changes in serum calcium concentration in a fixed group of normal subjects over a long period of time.
SUBJECTS AND METHODS
Twenty healthy, normal, Caucasian members of the hospital staff with no history or evidence of disorder in calcium homeostasis were studied. There were ten males and ten females, whose ages were between 24 and 51 years at the beginning of the study. They were on a free diet and no account was taken of short periods of time spent in other countries. Venous blood samples were taken without stasis before 1O.00h after an overnight fast at three monthly intervals from June 1971 to September 1973.
Serum calcium concentration was measured by atomic absorption spectrophotometry using an EEL 240 model spectrophotometer with an acetylene/air flame according to the manufacturers instructions for calcium. Specimens and standards were diluted manually 1 in 20 in a lanthanum chloride solution containing 650 mg lanthanum per 100 mI. Working standard solutions were diluted at the time of assay from a stock standard solution containing 100 mg calcium per 100 mI. A blank lanthanum solution and standards containing 5, 10, and 15 mg calcium per 100 ml were used to set the spectrophotometer and to prepare a standard curve. All serum calcium measurements were undertaken by the same person. Serum inorganic phosphate concentration was measured by a standard AutoAnalyzer molydovanadate method (Robinson, Roughan, and Wagstaff, 1971) .
Figures for total monthly hours of bright sunshine at Hampstead were obtained from the Meteorological Office.
RESULTS
The mean three-monthly values for the serum calcium and inorganic phosphate concentrations of the 20 subjects studied are shown in table 1. The mean serum phosphate concentrations showed little variation throughout the study period from June 1971 to September 1973. There was, however, some fluctuation in the mean serum calcium concentration but when plotted there was no evidence of a consistent seasonal pattern ( fig. 1) .
At the beginning of the study a batch of commercial freeze-dried unassayed quality control serum was purchased (Wellcomtrol Unassayed Horse Serum, Wellcome Reagents Ltd., Wellcome Research Laboratories, Beckenham, Kent). Every three months one vial from the batch was reconstituted and assayed with the test samples. The results (table 1) for the quality control serum showed a variation which appeared to be similar to that for the samples from the group of normal subjects, suggesting that the variation seen in the latter was in part, at least, due to a between-batch laboratory variation.
The results from the subjects were examined in 230 (5, 9, 10, 12, 13, 14 , IS, and 17) were even more highly correlated with the control, their coefficients being significant at the 1 %level (t ;ll: 3.3554 with 8 df). Allowance was made for laboratory variation in a further regression analysis in which the residual uncorrected calcium levels for each subject were correlated with the total hours of bright sunshine in the three months preceding each blood test. These correlation coefficients are also shown in table 2 and no significant correlation is seen.
In summary, nearly half the within-subject variation in uncorrected calcium was due to laboratory error and the remainder was not due to exposure to bright sunshine as measured in this study.
DISCUSSION
In 20 healthy, normal subjects there was no evidence of a significant seasonal variation in either total serum calcium or inorganic phosphate concentration. Almost half of the variation in serum calcium concentration that was observed during the two and a half year study period was accounted for by between-batch variation. None of the previous studies of seasonal variation in serum calcium concentration mentioned any precautions to assess laboratory variations, and this may account for the differing results.
It has been previously reported that there is a seasonal variation in intestinal calcium absorption and urine calcium excretion, with maximum excretion in July and August (McCance and Widdowson, 1943; Malm, 1958; Morgan, Rivlin, and Davis, 1972) . It could well be argued that the hours of sunshine quoted in the present study bear no relation to the exposure to sunshine of the subjects studied since all of them worked indoors. However, that there is an effect of sunshine in cholecalciferol metabolism was shown by the results of another study which was carried out simultaneously with this study and on some of the same subjects (McLaughlin et al., 1974) . The timing of the seasonal changes in intestinal calcium absorption are consistent with the timing of the seasonal variations in serum 25hydroxycholecalciferol concentration (McLaughlin et al., 1974; Stamp and Round, 1974) . The seasonal variation in cholecalciferol status is presumably reflected, therefore, by a change in intestinal calcium absorption and urine calcium excretion, but is not reflected by a significant variation in serum calcium concentration. The lack of the latter effect is presumably due to the overall homeostatic control mechanisms.
On consideration of the problems of standardising a laboratory procedure over a period of years the possible alternatives for a study of this type were either to measure each three-monthly batch of specimens as they were collected, introducing a between-batch error, or to store all the specimens and measure them together at the end of the study period. It has been shown that in serum samples stored at -15 cC there were no significant changes in either serum calcium or total protein concentrations after three weeks (Hanok and Kno, 1968) . We are unaware of any reports evaluating the stability of either serum calcium or total protein for longer periods. In this study we found that when the first batch of samples which had been collected two and a half years previously were remeasured some showed no apparent change in calcium concentration while others showed large falls; similar results were obtained with other batches stored for lesser periods of only some months duration. We had therefore to rely on the results obtained each three months and allow for the between-batch error. The between-batch coefficient of variation for the quality control samples was 1.96% and the mean for the test specimens was 4.0 %. Using atomic absorption spectrophotometry it should be possible to obtain a between-batch coefficient of variation of 2 %or less (Bold, 1970) , and this figure was achieved for the quality control samples. It is possible that observer bias could playa part where the results expected for the quality control serum were known and those for the test specimens unknown. The larger variation in the test specimen results could therefore indicate that the method used did not measure up to the ideal quoted. This question remains unresolved. The statistical analysis showed that the residual variation found was not due to a seasonal variation in exposure to bright sunshine as measured in this study.
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